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Whiat: Exactly s Java?

Object-oriented programming language

— Borrows from €, C++, Objective C, Ada, SmallTalk, Common
Lisp

Simple Programming Paradigm

Platform Independent
— Write Once, Run Anywhere™
— Virtual'Machine

Distributed
Roebust

Built-in: Security:
Multithreaded

Dynamic




Java Histery

Reguirement fior a Small Computer Language
(1991)

— Programs would runren consumer devices (e.q., cable TV
switchboxes)

Small Memory Usage Reguirements
— Tight code

Program needed to be processoer-independent

Resurrected the UCSD Pascal virtual machine
model
— Pioneered by Niklaus Wirth

James Gosling led a team (called“Green” team) te

create “ Oak™
— Based on C++ and object-oriented (1992)
— Renamed to “Java™ because “Oak” was already a l[anguage




Java Histeny (Cont'd)

In 1992 the “ Green” Project Produced “~7”

— [ntelligent remoete control
— Vigoerously tried tor market their product with noe success

IR 1994 the World Wide Web hecame a phenemenon

James Gosling and his team decided to buila a
“real cool browser”

— Architecturally: neutral, real-time, secure

— HotJava browser written entirely in Java and interpreted Java bytecode
(Java Applets)

— “Proofi ofi lechnoelogy” shewn at SunWaorld 95

Breakthrough fer Java came with the release of
Java-enapled Netscape (Netscape 2.0)

— IBM, Symantec, Borland, andfeven Micresoft license Java technology:




Java Virtual Machine

JAVA Virtual Machine




Java Livraries; (Packages))

n Java Packages

— [ava.applet

— |avia.awit

— [ava.beans (New)
— [ava.lo

— java.lang

— Java.lang.reflect (New)
— [ava.math (New)

— |ava.net

— Java.rmi (New)

— [ava.security (New)
— Javia.sgl (New)

— Java.text (New)

— Java.util

— Java.util.zip (New)




Appletsivs. Application




Applets vs. Applications

n Applet

— Runs within the context of a wekh: browser,
— Musst be defined as a subclass of the class “Applet”
— Security “Sandbox model”

n Application

— Runs “standalene™ like a typicall nen-Java application
(e.g., Micresoft Word)

— Reguires the “main™ method in the controlling class




Sample Java Application

/**

* Jhe Hel'lloPllanet cl ass iinplenents an application that si nply.

* dilspliays “Hel e Beaut iifiul Bllue Planet!™ to the standard
out put .

“
cl ass Hel | oPl anet

{

publiie static verd nmaln(Stringl] argunents)

{
System out . printl (" Hel lfor Beaut i fful Bliue Pl anet!™);




Java Applets

Can be downloaded fromi the World Wide Web
(WANAM)rand run inrany: Java-enabled WAV
DIIOWSEN,

Configured using HTML.
Glve dynamic content to wWeb pages.

Must implement at least one of the following
methods:

— it

— start

— paint




Sample Applet
HVIE Page

<HTNVL>

<[l TLE>Hel I'er Pllanet Sanpl e Appl et </
Tl TEE>

<BODY>

<APPLET CODE="Hel IfoPl anet. cl ass” W DIH
= 200 HEI GHII=200>

</ APPLET>
</ BODY>
</ HIVL>




Sample Java Applet

[(nport java. awt. *;
[ nport | ava. appliet. *;
public cliass: Hel'l oPllanet extends Appl et
{
publi'c veild paint (G aphi cs graphi cs)
{
Font fiont = new Eont (“Systenm’, Eont.BOLD; 18);
graphi cs. set Font (font);
graphrcs. dirawsSt ritng( Hel'l'er Beaut i ful Bl ue Pl anet. ™,
25, 50);




Object-Oriented Concepts




Procedural vis. Object Oniented

Procedural Programming




Object-Oriented Concepts

Classes

Objects Contain:

— [Data:
% Define object’s state

— Methods:

% Define object’s behavior

Class Relationships:
— Use
— Contain (*has-a™)
— Inheritance (“Is-a™)

Object-Orniented Languages Must Have:

— Encapsulation (i.e., infermation hiding)
— Inheritance
— Polymorphism (i.e., run-time binding)




Java LLanguage




Java Language

Data Types:

— Java is strengly: typed.
— Primitive Types: are not Objects.

\ariables
Assignments and Intializations
Constants

Operators:

— Arithmetic
— Relational & Boolean
— Bltwise




Java Language (Cont'd)

n Control Flow:
— Conditional Statements
— Indeterminate Loops
— Determinate Loops
— Switch Statement
— [Labeled/Unlabeled Breaks




Sample Java Coede

Nt exponent Val ue = fiVaxi nuniDept i[;
for (int il = 0; i <= fNaxilnunDept h; 1 ++)

{
nt Ifeadi ngNuner O Spaces, = (1at) Mt h. pew (doubl e) 2,

(deublfe) exponent Vallue) - 1;

nt | = 0;
whitle () < |readifngNunber OF Spaces)

f
System out . print (" ");
I

J

Sysst em out. println);

exponent Val ue--;




Class Methoeds & Varianbles

publirec cl ass; User Prefierences

{

publiiic UserPreferences()

{
J

FCol or = @ol or . GREEN:

publiiic UserPreflerences(int Caol or)

{
J

@) o) =" @0) [No)

publiifc rnt get Color() { return fCal or; }
publiic set Collor (int Collor) { fiCeler = Color; }

private int I Col or;
J

[[/f Create an instance of UserPreferences
int myCol oy = Cal or. VI OLET;
User Prefierences nyPreference = new User Preferences( myCol or):;




InpuU/OutpuUt (Streamis)

InputStream Can Read a Seqguence off Bytes.
OutputStream Can Write a Seqguence of Bytes.

Many Stream Types are Derived: firem
InputStream or OutputStream:

— Example: Eilelnput/Output, Datalnput/Output, Objectinput/
Output, ete.

Object Serialization:
— Convert an elbject ter a stream off bytes te be read or written.
— Persistence implemented by Objectinput/Output stream.
— Same paradigm to save to a file or acress a netwaork.




EXCEeplions

Mechanism to Accemmogdate Erroers/
Exceptional Occurrences.

All'Exceptions Threw: an lnstance ofi Class
Derived from: TThrowable:

— DPerived Error Class:
— |nternal Java Errors.

— Derived Exception Class:
— Seome type ofi abnoermal program error.

Method Must Declare Alll Explicit Exceptions; it
Throws.

Exceptions May Be Caught Anywhere Up the
Call Tree.

Code In the “Einally™ Clause Is Always
Executed.




MultriThreading

Multithreading s Bullt inte Java

Create New Thread of Execution by Extending
the “Thread” Class

— Place code in the “Run” method

— Calling method Invekes: the thread by calling the “Start”
method

Can Start and Stop a Thread
TThread Priorities

Synchronization
— Can| cause deadlocks




Netwerking

n Establisih Network Connection by Opening a

Secket (TCP, UDP):

— Client Socket
— Senver Socket

n Reading frem a File and a Secket Uses a
Similar Paradigm.

n Java has Bullt-in Support te Cennect To
Uniform Resource Lecators (URL).




Datakase Connectivity: (JDBIC)

JavasSoit Proevided Pure Java APl fer SQL:

— Also provided device manager te allew: third! parnty.
drivers te connect to a particular database.

Normal Security Restrictions for Applets
Apply with Datalbase ACCess.

Based on X/Open SQL Call Level
Specification.

Easily Move Data Between Different Database
\/endors.




Remoete Vethed Invecation (RVI)

n Invoke Metheds Associated with an Object
_ocated oni a Different Machine:

— Java-to-Java communication.

— Whole process completely transparent to the Java
programmer.

n RMI Utilizes the Object Serialization
Mechanism.




Native Methods

Call Other Languages from Java.
Call Java Methods from Other Languages.

Reasons to Use Native Methods:
— Substantial Amoeunts of Legacy: Code EXxist.

— Application reguires access to system features whichi are
difficult or Impossible to implement 1N Java.

— Need tor maximize the execution speed.

Lose Portability:
— Wirite Once, Run Anywhere noe longer applies.

— Must supply: separate method librany fer eveny supported
platfiorm.

— Easy to Corrupt Java VirtuallMachine or Worse.




Abstract Windoewing Toeelkit (AVVAF)

The AWT provides the user interface for Java
programs.

Peers:

— Java proegram: always has the look and fieel of the
platfiorm: that you are on.

Components
Containers
Layouts

Events:

— Old moedel (DK 1.0)
— New model (JDK 1.1)




New: Eeatures ofi AV

Improved Event Handling

New Components and Contalners:

— Java 1.1 prevides one new compoenent, the Popup Menu, andl ene new.
Container, the ScroellPane.

Menu Shoerts

Clipboards

Printing

Access to Color Sechemes
Graphics

New: Method Names

components->Javabeans:
— Jhe @deprecated tag




JavaBeans Component Architecture

“Write once, re-use evenywhere!*

JavaBeans Is the platferm-neutral, compoenent architecture fior
Java.

It provides the capability to build reusable compoenents; by,
defining| standards for the way ebjects talk te each other.

Individuall Beans will'function guite diffierently; but typical
unifying fieatures that distinguish a Bean are:

— Intrespection
— Customization
— Events

— Properties

— Persistence

— Packaging




Internet Development
Envirenments (IDE)

n Most IDES that suppert JDK 1.1 will support JavaBeans. They also
provide then: own industrial strength JavaBeans components.

n The foellewing Is a list off Beans Compliant Burlders:
— Asymetrix's SuperCede
Borland's JBuilder
Cosmo Suite (Code)
IBM's; AppletAuthor
IBM's Visuall Age for Java
Lightheuse: Designrs JavakPlan
Netscape's “Palomar"
Penumbra‘s; Mojo
SunSoft's Project Studio
— SunSoeft's Java Workshop
— Sybase's "Jate” (fermerly “Starbuck®™)
— Symantec's; Visual Cafe
— Jek-Tools" Kawa
— Unify's Vision

See hittp://java.sun.com/beans/teels. htmi




Java Security: API

n The Java Security APIls a new Java cere API, built areund the

n

java.security package.:

— Digital Signatures (signed applets) -digital signature algerithms, such
as DSA. The functionality includes generating public/private key: pairs
as well'as signing and verifying arbitrary digital data.

— Message Digests - producing “digital fimgerprints® of data; provide
unigue and nen-fergeable identifiers of digital data.

— Key Management -allows, applications to design their ewn key.

management systems, and to Intereperate with ether systems at a
highilevel.

— Access Controll Lists (ACL) - a data structure that guards, access (o
[ESOUICES.

JDK 1.1 provides a teoel that can sign Java Archive (JAR) files, which can
contain classes and other data (suchias images and sounds). Using the
digital signatures you can define trusted applets, which allews any.
downleaded applets in JAR files signed (using the teoel) by a trusted entity.
o run with the'same full rights as, lecal applications. The applets will not

e subject to the “sandbox™ restrictions of the originall Java security.
model.



Java Native Interfiace: (JINI)

The Java Native Interface prevides a consistent Iinterface between
Java code and native (platferm-specific) code. It replaces the
Native Methoed Interface in JDK 1.0. JNI'has two main Uses:

1, It specifies away: to write Java native methods.

2. It includes an invecation APIlembedding a JVM in native
applications.

Previously, Java used Microsoft's Native Method Interface.

Netscape plans to support JNI'mn the Communicator 4 release.




Euture Innratives




JavabBeans

n Beans Development Kit (BDK):

— The Beansi Development Kit was releasedi in Eebruary: 97. It includes:

% BeanBox sample Bean container - (This can be used to “test” JavaBeans that you
develop.):

I Example JavaBeans

[ Sample source code

| JavaBeans decumentation
|

JavaBeans tutorial

— JavaBeans Bridge fior Activex:

% A JavaBeans Bridge for Activex Bridge is available'in Beta fiorm at the SunSoeft Web
site. Currently; it works in Word, Excel, Internet Explorer and Visual Basic. The
finaliversion will'be bundled in the BDK.

v JavaBeans Migration Assistant fior Activex.

v Sun will alsebe adopting IBM's JavaBeans Migration Assistant fior ActiveX, a tool
that converts Activex controls and inte JavaBeans (Wrappers). This tool analyzes an
ActiveXx control's preperties and creates a 100% Pure Java container that takes on
the features of the ActiveXx control and/ then implements the compoenent functions.
JavaSoeft will'include the JavaBeans. A betais expectedin May and a final version is
expected i July.




Java Runtine Environment (YRE)

The Java Runtime Environment coensists of the Java Virtual
Machine, Java Core Classes and supporting files.

It contains ne cempiler, no debugger, and no teols.

Tihis product satisfies the demands for the smallest runtime te he
pbundled with Java applications.




Java Vedia Eramewoerk APIN(GME)

Java Soeund

Java Speech

Java Advanced Imaging
Java Animation

Java Collaboration

Java Media Player

Java Telephony APIH(JTAPI)
Java 2D

Java 3D




3D on| the Wel Treday.

n Java 3D:

— [Looks to bhe extremely premising but will not be available for at
least another year.

— |[fyou wishi te de dynamic 3Dion the web teday, you must leok
elsewhere. Eortunately; other contemperary technelegies are
available.




3D on the Wen Today: (Cont'd)

n VRIML:

— The Virtual' Reality Modeling Language (VRML) is a file fermat for;
describing 3Diinteractive worlds and objects.

— VRML is; capable of representing static and animated! ebjects and can
have hyperlinks to other media such as sound, movies, and iimages.

— |nterpreters (browsers) for VRML are widely available for many: different
platfiorms as welllas authoering teols for the creation VRML files.

— While VRML 1.0'was primarily static, VRML 2.0 provides, the ability to
build “Moeving Worlds™. It effers engines, timers, collision; detection and
script nedes, that allew: for a truly dynamic scene.

— VRMLO7 will be the next release ofi the VRML specification. It is almost
identicallter VRML 2.0; but withf numerous imprevements to the
Specification document and a fiew minoer functional differences.




3D on| the Welh TTeday: (Cent d)

n Script Nedes:

— Using Script nedes; in VRML 2.0, you can use Java classes to affect the
VRML world. With Script nedes, you: are essentially’ creating a new,
node with)assoeciated fields andi events. Thoese fields and events can be
passed to) a specified Java class. That class then has access to
manipulate any node passed to it frem the VRML script node.

Current VRML browsers that support Java and VRML 2.0:
% Silicon Graphics CosmaoPlayer.
% Dimension X's Liguid Reality,
% Soeny's Community Place (farmerly known as CyberPassage).

Script nedes, offer limited functionality' because each Script node
creates a new instance of a Java applet. There is no way te share the
same Java applet amoeng Script nodes or have the Script nede “attach
o a control applet. Eor this reason, Script Nodes, are not an efficient
way te connect data to VRMIL scenes. They are good for adding logic
and physics to a scene.




3D ol the Wel TTeday: (Cont d)

n External Authoring Interface (EAI):

— EAllIs a specification that prevides a method for developing
applications that interact with, and dynamically update a 3
SCENne.

— TJhese outside applications can “reach™ inte the VRML scene
and manipulate it. The EAIS in the process of adeption into the
VRN 2.0 specification.

— SGl'si CosmoePlayer is the only current implementation.

— Currently, It Isi considered an “Infermative ARRex”; meaning
prowsers may nclude the EAl Inte their functionality and
remain compliant to the VRML specification.




3D on the Wen Today: (Cont'd)

n Liguid Reality:
— Dimension X's Liguid Reality: SDK will include the Liguid

Reality: platfiormi ferr Java and VRML develepment on the
Internet.

— Liguid Reality provides; a development envirenment off over
450 Java classes that developers can leverage or extend to
create 3D applications and content.

— |t alsoe provides developers the tooels te create custom: 3D
applications for brewsing, manipulating and creating) VRML 2.0
content.




AWWAD

n New Components: Java Feundation Classes (JEC):

— Licensed Netscape's: Internet Feundation classes:
% [ree view
% tab felders
% toolbars
% pane splitters
% color pickers
% font choosers
% [cons
% status bars
% IMessage DeXes
% tool tips (enline help)
% sliders
% gauges
% SpPINNEers

n Drag and Drojp:

— Drag and Drop willlwoerk on top of the new: Clipkhoeard APIL It will
provide the capabilities to drag and drep te and from Java and
native applications.




AWTE Plugganle Coek and Eeel

Peerless COMpPONENTS:
— Currently, a components peer defines the look of a component.

The developer will be able te specify the leok and
fieel for an entire application, a specific component
type, or a single cempoenent and offer the ability
fior the user to select firom a variety of loek and
feels.

JDK will' previde look and! feels for major user
interfaces (Windows 95, Mac, and Moiii).

You will'also have the ability te build your own
compliete sets of look andl feels.

Vendors can publish leek and feels ana you will be
able to dewnlead them (NextStep, etc...).




Seculry

n Eine granularity of security:

— By expanding the access control lists, users can assign Very,
Specific permissions, to Individual applications o1 code signers,
suchs as; the ability te read or write enly Within specific
directories or te connect to particular poerts on certain hests.




The Java Senver AP

n Java Wel Server (Jeeves):

— Eirst 100%Pure Java web server:
— Java enabled

n The Java Server API:
— Toolkit te develop a wide variety of network aware Sernvers
— EIP; hittp,, ete...

n Java Senviet API:
— Sernver side extensions
— Replacement for cgi-hin




JAVAGS

“Smallland efficient”.

JavaOs prevides a runtime specifically tuned to run
Java applications directly on hardware platforms
witheut reguiring a hest operating system.

The JavaOs architecture consists of a microkernel and
memaory manager, device drivers, the Java Virtual
Machine, the JavaOs, Graphics and JavaOs
Windoewing systems, networking classes and support
fior the fullf Java API.

Applications written for JavaOsS can alse run using

Java-enabled on any platfern that centains the Java
\/M.




HotJava Views

HotJava Views a highly: integrated|, easy-te-use
\WebTop environment:

— E-mail

— Calendar,

— Welh access

It allows cempanies; te easily Integrate In-heuse or
third party Java selutions seamlessly inte the user
envirenment.

OEMs will be able to incorporate HotJava Views, in the
products they ship.

HotJava Views Is JavaSoft's first user environment that
funs on top of Javaos.

HotJava Views will run en any: server that contains the
Java Virtual Machine:




Java Embedded API

Embedded Java will be a version of the Java virtual
machine designed for embedded Implementations in
devices such as pagers, routers, and switches.

It will"have venry low RAM requirements;, and will
require only: .5 MB: off ROM.

A reference platfiorm for Embedded Java s te anrive in
the feurth quarter ofi 1997.

TThe Java Embedded APIs specify how the Java API
may be subsettied fior embedded devices that are
Incapanble of supporting the fullfJava Core API:
— [t includes a minimal embedded API'based on java.lang,
java.utiland parts ofi java.io.

— |t then defines an additional series of extensions fior
particular areas suchi as networking and GUIs.




n

Java Commerce AP

Java Commerce ARPIwill bringl secure purchasing and financial
management to the Welh.

JavaWallet 1s the initiallcomponent, which defines and implements; a
client-side framework for credit card, debit card, and electronic cash
transactions.

The fellowing is list off JECE components:
— |nfrastructure - provides the interaction mechanism between the ether
components.

Database - stores permanent records ofi persenal information, transaction
history, and a list of the types ofi payment instruments, the user has
available.

Payment/Service Cassettes - are implementations; ofi the various; payment
instruments and their associated protecaols.

Administrative Interfaces; -the dialeg windews and configuration; units
that controel andi customize the behavior of your JECE system as a whole:

The core functions ofi user identification, authentication, and
authorization are performed locally on your machine. Password
protection and unigue user infermation Is perfermed and stored on
your system, and none ofi this data Is sent over the network.



JUst Intinme: Compilers: (JITpH

Accelerates execution perfermance up to 50 times.
Compiles byte-code to machine code.
Built inte the Virtual Machine (transparent).

Really pays offi when same code IS re-executed.




Puish fechneloegy.

Push technolegy reversed the traditienal \Web-hased
paradigm by delivering or “pushing™ the imfermation te
your computer automatically.

This technolegy: is being billed as the second wave of
the World Wide Web.

It attempis to solve two fundamental preblems:
— ACGCESS 10 tee much Infermation:
* EX. Stock ticker application

— The expensive and slow precess; of software deployment
and installation:

% EXx. Bug fixes, new: releases

Off-line browsing




Advantages/Issues




Java Advantages

Object Orniented (reuse, modularity, mamtainability)
Built-in garbage collection /improved memory management
Strong typing

Threading Is part of the language

Object persistence

Reflection

Java Security Model

Large library ofi classes, provided with the language
Platform independent (almost)

Built-in network programming

Single point of control for language specification

Substantiall iIndustry Investment and support




Java Issues

Seme features not completely consistent acress: platferms:
— AWT

— Threads
Interpreted - perfermance not yet proven.

JDK 1.1 Supports:

— Browsers
= | D) =S

Risk off new technolegy.

One company. (Sun) controls the standard - direction unclear.

Not able toe live up te high expectations.

Rapialy changing.

Micresoeit competition.




Applicanpility: at GSEC




Eor Tleoday's New: Projects

n So, Iifyoeu're starting development this  EY.onia new: system, should you
consider Java?

n Some deciding guestions are:
— How criticall are your perfermance requirements?
% Java may not be ready fior some. real-time applications
— What operating system are you running?
*» Does your ©S have a JVV

— Do you need speciiic libraries existing| infanother language?
— Can you| ebtain staffing withi the necessary: eExpertise?

% Experienced OO programmers (i.e., C++) can easily pick up Java.
Preogrammers new: tor OO willl pick up Java more easily than C++,
but there will' be alearning curve to adopt the new: OO paradigm.

— Can youlassume and mitigate a minimal amoeunt of risk due to the
evelving nature of the techinelogy?

n Java is not limited to Web browser-based Ul's




Java: Ead or Euture?

TThe Code 520 ‘experts” say

Here are some of thelr comments:

“Java will'bea big part of the computing industry’s future untillsemething supersedes Its
core capabilities. Mayhe an object/agent-oriented language.”

“Java Is not ready: for real-time or. low-levelitasks. INeither is it ready; for tasks that require
great speed. Data interaction, data distribution, data analysis, andischeduling (te: name: a
few) can be implemented in Java.”

“Java willldeminate the next 10 years (estimate 3 years to catch ct+ in number of
developers)™ as the new development language of choice.

“Javais goeing to be around fior seme time. oo many people have a lot of moeney: tied to
it. It is the best language today, to write distributed; platform independent applications.”

“Java willlprebably replace C++in afew years. | can't think off any reasen why it wouldn't
(Uunless Microsoft succeeds in burying It).”



Coede 522 Java Style Guide

C++ Style Guide used on existing projects:
— GenSAA, TPCE, DSDP

EFuture projects will use Java instead ofi C++.
Needed new: Style Guide fer Java.
Based on the C++ Style Guide.

Goals: Enhance reliability: and maintainability: of
Java code.




Coede 522 Java Style Guide (Cont'd)

n Covers broad range of ISSUes:

— Consistent fermatting:

“» \White space, comments; naming conventions.
— File erganization:

% Packages, proelogs, order of contents.
— Use off language constructs:

% Import statements, methods, variables, threads.

— Tips and technigues:
% General Java hints and suggestions.




